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ABSTRACT 
The aim of this study was to isolate and identify bacteria and yeasts in different grape samples. The samples were collected 
in September 2017. Used 13 grape samples in this study (9 white and 4 red) were from the local Slovak winemakers. 
Alibernet, Irsai Oliver, Dornfelder, Blue Frankish, Feteasca regala, Green Veltliner, Pálava, Mūller Thurgau, Rhinriesling, 
Cabernet Savignon, Pinot Blanc, Savignon Blanc and Welschriesling. Two cultivation media were used for detection of 
bacteri and yeasts in grape samples. Malt extract agar base (MEA) and Tryptone Soay agar (TSA) were used for the 
cultivation of bacteria and yeasts. Cultivation was performed by spread plate method. Ethanol/formic acid extraction 
procedure was used for preparation of samples. MALDI-TOF Mass Spectrometer (Microflex LT/SH) (Bruker Daltonics, 
Germany) was used for identification of bacteria and yeasts. In total, 8 genera of yeasts, 8 genera of Gram-negative bacteria 
and 10 of Gram-positive bacteria were identified. Together 333 isolates, yeasts, Gram-negative and Gram-positive bacteria 
were identified.  
Keywords: bacteria; yeasts; grape; mass spectrometry 
INTRODUCTION 
 Different physical and chemical parameters of 
environment determine the growth of plants in 
geographical region (e.g., temperature, humidity, 
precipitation, soil nutrient concentrations and solar 
radiation) (Droždž et al., 2015). These factors also have a 
significant impact on the biogeography of the bacteria and 
fungi in the ecosystems. Studies focused on the bacteria 
associated with grapes by directly sampling during the 
initial stage of fermentation of the wine must were 
underatken (Bokulich et al., 2014; Nedemová et al., 
2016). Although not previously determined, it stands to 
reason that the same  
 The most common bacteria of grapes were Oenococcus 
oeni, Leuconostoc mesenteroides, Pediococcus parvulus, 
P. pentosaceus, P. damnosus, and different species of 
Lactobacillus (L. brevis, L. plantarum, L. fermentum, L. 
buchneri, L. hilgardii, and L. trichodes) (Fleet, 2007; Du 
Toit et al., 2010). Malolactic fermentation, in addition to 
deacidification, contributes the favor characteristics of 
wine and has a impact on microbial stabilization 
(Pozo-Bayon et al., 2005).  
 Previous studies of grapes and grape musts microflora 
revealed valuable indigenous yeast strains, which could 
serve as the contributors to the regional character of wines 
specific to different winemaking regions (Varela and 
Borneman, 2016; Raymond Eder et al., 2017). 
Non-Saccharomyces were the predominant yeast species 
isolated at the early stages of the spontaneous fermentation 
of Vitis vinifera L. grape musts (Padilla et al., 2016). 
Among these, Hanseniaspora, Candida, Pichia, and 
Metschnikowia were the most important genera (Jolly et 
al., 2013; Varela and Borneman, 2016). The population 
of non-Saccharomyces species decreases in fermentation 
processes and the wine yeast Saccharomyces cerevisiae 
completes the fermentation (Albergaria and Arneborg, 
2016). The ability of S. cerevisiae to replace non-
Saccharomyces species is associated with its higher 
fermentative power, alcohol tolerance and secretion of 
killer-like compounds (Albergaria and Arneborg, 2016). 
Previous studies provide an overview on yeast microbiota 
of Vitis vinifera L. grape musts (Padilla et al., 2016), but 
still is less known about the microorganisms present on 
grapes from other species of Vitis. The potential existence 
of various grapevine and microbial species communities is 
an aim of research interest (Wolfe and Dutton, 2015). 
A rapid and high-throughput identification method based 
on matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) has been 
introduced in bacterial taxonomy and in yeast and mold 
identification (Pan et al. 2011; Hendrickx et al. 2011). 
MALDI-TOF MS idenfification is bases on measuring 
complex mixtures of proteins showing a unique fingerprint 
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for each species. Basically the ribosomal proteins, which 
are expressed at high level, the phenotypic technique is 
less influenced by expression variability (Wieser et al. 
2012). ,Nowaday, MALDI-TOF became an important 
method for microorganism identification. 
 The aim of our study was to find bacteria and yeasts from 
the surface of grape berries and identify them by MALDI-
TOF Mass Spectrometry. 
 
Scientific hypothesis 
 The scientic hypothesis of this study was that the surfaces 
of different grape beries were contaminated with different 
bacterial and yeasts species, which could be found and 
identified with mass spectrometry. 
 
MATERIAL AND METHODOLOGY 
Grape collection samples  
 In total, 13 grape samples were used in experiment. Ripe 
grape bunches were collected into sterile polyethylene 
bags and transported to laboratory for microbiological 
analysis. The grape samples were collected from the 
Lesser Carpathian wine region. The grape samples of 
following varieties were investigated: Alibernet, Irsai 
Oliver, Dornfelder, Blue Frankish, Fateasca reagla, Grüner 
Veltliner, Pálava, Mūller Thurgau, Rheinriesling, Cabernet 
Savignon, Pinot Blanc, Savignon Blanc and 
Welschriesling. One sample consisted from one grape.  
 
Microbiological analyses of grape berries samples 
 Five grams of berries from each grape variety were 
diluted with 45 ml of sterile physiological saline (0.85%). 
Berries were stirred on a horizontal shaker for 30 minutes. 
After that, the dilutions of 10-2 and 10-3 were prepared for 
cultivation with spread plate method. A 0.1 ml of each 
dilution (10-2, 10-3) was placed on the surface of a solid 
cultivation medium. Bacteria were cultivated on Plate 
count  agar (PCA) (Oxoid, UK), yeasts on Malt extract 
agar base (MEA) (Oxoid, UK) supplemented with 
bromocresol green (0.020 g.L-1) (Centralchem®, Slovakia). 
Bacteria were cultivated at 37 °C for 24 – 48 h in aerobic 
condition, but yeasts at 25 °C for five days in aerobic 
conditions. Growing colonies with macroscopic 
morphological differences were recultivated on TSA 
(Tryptic Soya agar, Oxoid®). Inoculated plates were 
cultivated at 30 °C for 48 h (TSA). After cultivation, the 
proteins were extracted from fresh bacterial colonies. 
 
Sample preparation and MALDI-TOF MS 
measurement  
 One colony of each bacterial and yeast isolate was 
transferred into an Eppendorf vial and mixed with 300 µL 
of sterile water. After addition of ethanol (900 µL), the 
suspension was mixed and centrifuged (13 000 g, 2 min). 
After removal of supernatant, the pellets were dried at 
room temperature at least for 5 min. The bacterial and 
yeast pellets were resuspended in 20 – 50 µL of formic 
acid (70 %) and the same amount of acetonitrile. After 
centrifugation (2 min at 13 000 g), a 1 µL of supernatant 
was spotted onto a sample position of a polished steel 
MALDI target plate and dried at room temperature. A 1 
µL of MALDI matrix (solution of α-cyano-4-
hydroxycinnamic acid (HCCA) in 50 % acetonitrile/2.5 % 
trifluoro-acetic acid) was added to the spot and dried.  
The MALDI target plate was introduced into the MALDI-
TOF mass spectrometer for automated measurement and 
data interpretation. MALDI-TOF profile mass spectra 
were imported into the MALDI Biotyper 3.0 software and 
processed automatically after measurement. The logarithm 
of the score (log[score]) was displayed as the matching 
result. The MALDI Biotyper output was a log(score) 
between 0 and 3.0, which was calculated from a 
comparison of the peak list from an unknown isolate with 
the reference MSP in the database. A log(score) ≥1.7 
indicated identification at the genus level, log(score) ≥2.0 
was set as the threshold for a match at the species level. 
Isolates with ≥2.0 were accepted as a correct identification. 
 
RESULTS AND DISCUSSION 
 From the surface of grape berries a total of 33 species of 
18 bacterial genera (8 Gram negative G- and 10 Gram 
positive G+) and 10 species of yeasts belonging to 8 genera 
were identified with MALDI-TOF Mass Spectrometry. 
From a total of 333 isolates, the percentage representation 
of each microbial group (G-, G+ and yeasts) reached the 
following values: 69 isolates of G- (20.72%), 105 isolates 
of G+ (31.53%), and 159 isolates of yeasts (47.74%). Table 
1 shows that the most common microorganisms isolated 
from grapes were yeasts. The highest number of yeast 
species were identified from grape varieties Irsai Oliver 
(10.06%), Pálava, Pinot Blanc and Rheinriesling (9.43%). 
Yeast and bacteria were isolated from each grape variety. 
Bacterial species were identified in highest counts. The 
number of species of the three main groups of 
microorganisms in different grape varieties are given in 
Table 1. 
 Yeasts and bacterial genera were identified by MALDI-
TOF. Percentages of the number of isolates of each genus 
are shown in Figure 1 for yeasts, in Figure 2 for G- and in 
Figure 3 for G+. The most abundant G- bacterium was 
Stenotrophomonas maltophilia and Ignatzschineria indica. 
Within 22 different species of G+ bacteria, the highest 
percentage representation (of isolates) was found for 
Bacillus endophyticus, Paenibacillus glucanolyticus, 
Paenibacillus lautus and Staphylococcus succinus. 
Rhodotorula mucilaginosa was the most abundant among 
of yeasts. 
 Kántor et al. (2017) found in 19 Slovak grape samples 
11 genera of G-, 11 of G+ bacteria and nine of yeasts. 
Among 200 isolates, G-, G+ bacteria and yeasts represented 
11%, 27% and 62% of the total number of isolates studied. 
The most common genera of isolated yeasts were 
Hanseniaspora (37%), Metschnikowia (31%), and 
Rhodotorula (10%). The most frequently isolated among 
G- bacteria were Acinetobacter (22%), Pseudomonas 
(22%) and Sphingomonas (13%). The most common 
genera of G+ bacteria were Bacillus (20%), Lactobacillus 
(19%), Leuconostoc and Staphylococcus (11%), 
respectively. In our study, from 333 isolates both different 
and similar species of microorganisms to Kántor et al. 
(2017) results were identified. 
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Figure 1 Yeast were isolated from grapes (%). 
 
 
Figure 2 G- bacteria were isolated from grapes (%). 
 
 
Figure 3 G+ bacteria were isolated from grapes (%). 
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Similar results were decribed in research of Kántor et al. 
(2016), where the microorganisms in similar grape wine 
varieties were studied. The most dominant species was 
Saccharomyces cerevisiae isolated from all 15 new wine 
samples, that was a very good wine quality indicator. With 
mass spectrometry, were identified seven different S. 
cerevisiae strains. The second most common species was 
Kloeckera apiculata (Hanseniaspora uvarum) found in 
seven new wine samples (2 strains). They also identified 
other non – Saccharomyces yeasts such as Metschnikowia 
pulcherrima (1 strain), Pichia occidentalis (1 strain) and 
Pichia kluyveri (1 strain). 
Lactic acid bacteria are a minor part of grape microbiota. 
They are the typical microorganisms of malolactic 
fermentation and they representatives, including 
Oenococcus oeni, has been seldom isolated from grapes in 
the vineyard. Enterobacter spp., Enterococcus spp., 
Bacillus spp., Burkholderia spp., Serratia spp., 
Staphylococcus spp. are widely distributed in the 
environment and are among others have been isolated from 
grapes, while a wine s a not suitable substrat for their 
growth (Barata et al., 2012). 
 The community of microorganisms found by Renouf et 
al. (2007) was complex and diverse. It could be divided 
into 3 groups: 1) species without fermentation ability, e.g.  
Auresbasidium and Burkholderia, previously had not been 
isolated from wine; 2) species with some fermentation 
ability, e.g. Lactobacillus, Pichia, Candida, 
Metschnikowia, which could act during the first stages of 
winemaking; and 3) species that are the main fermentation 
microorganisms - Saccharomyces cerevisiae and 
Oenococcus oeni.  
Kántor and Kačániová (2015) identified 12 yeasts and 30 
species of bacteria species by MALDI TOF MS Biotyper. 
The dominant genera of microorganisms were Bacillus, 
Candida, Lactobacillus, Staphylococcus and 
Aureobasidium. They also identified 4 different strains of 
Saccharomyces cerevisiae (Kántor and Kačániová, 
2015). 
 
 
 
Table 1 Microorganismus in different grape berries. 
Grape variety Gram positive bacteria 
Gram negative 
bacteria Yeasts Total 
Alibernet 8 3 5 16 
Blue Frankish 12 2 12 26 
Cabernet Savignon 3 5 10 18 
Dornfelder 5 6 12 23 
Feteasca regala 7 5 12 12 
Green Veltliner 8 4 12 12 
Irsai Oliver 11 8 16 35 
Mūller Thurgau 6 5 13 24 
Pálava 8 7 15 15 
Pinot Blanc 9 9 15 33 
Savignon Blanc 12 5 12 29 
Rheinriesling 10 7 15 32 
Welschriesling 6 3 10 19 
Total 105 69 158 333 
 
 
Table 2 Number of isolates identified with maldi tof ms biotyper in grape. 
Microorganisms White grape Red grape Total 
Candida magnoliae 5 4 9 
Candida parapsilosis 5 5 10 
Hanseniaspora uvarum 8 7 15 
Issatchenkia orientalis 4 5 9 
Kazachstania exigua 7 6 13 
Kluyveromyces marxianus 12 7 19 
Metschnikowia pulcherrima 15 5 20 
Rhodotorula glutinis 10 8 18 
Rhodotorula mucilaginosa 15 7 22 
Yarrowia lipolytica 18 6 24 
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Table 2 (continue)  
Yeast 99 60 159 
Aeromonas hydrophila 3 2 5 
Enterobacter cloacae 2 3 5 
Escherichia coli 3 2 5 
Ignatzschineria indica 4 4 8 
Moellerella wisconsensis 5 2 7 
Pantoea agglomerans 2 4 6 
Pantoea dispersa 2 5 7 
Pseudomonas frederiksbergensis 3 2 5 
Pseudomonas sp. 2 3 5 
Sphingomonas sp. 5 2 7 
Stenotrophomonas maltophilia 7 2 9 
Gram negative bacteria 38 31 69 
Arthrobacter koreensis 2 2 4 
Bacillus cereus 3 2 5 
Bacillus endophyticus 5 2 7 
Bacillus licheniformis 2 0 2 
Bacillus safensis 4 2 6 
Bacillus simplex 1 2 3 
Bacillus thuringiensis 3 0 3 
Lactobacillus acidophilus 2 0 2 
Lactobacillus fermentum 1 2 3 
Lactobacillus paracasei 2 4 6 
Lactococcus lactis 4 1 5 
Leuconostoc mesenteroides ssp. 7 2 5 
mesenteroides 
   Lysinibacillus fusiformis 2 3 5 
Microbacterium oxydans 2 2 4 
Micrococcus luteus 2 0 2 
Paenibacillus glucanolyticus 5 2 7 
Paenibacillus lautus 6 1 7 
Staphylococcus epidermidis 3 2 5 
Staphylococcus hominis 2 4 6 
Staphylococcus saprophyticus 2 2 4 
Staphylococcus succinus 5 2 7 
Staphylococcus warneri 2 1 3 
Gram positive bacteria 67 38 105 
Total 204 129 333 
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   Figure 4 Spectrum of G- bacteria Ignatzschineria indica identified with MALDI TOF mass spectrometry. 
 
 
 
   Figure 5 Spectrum of G- bacteria Moellerella wisconsensis identified with MALDI TOF mass spectrometry. 
 
   Figure 6 Spectrum of G+ bacteria Paenibacillus glucanolyticus identified with MALDI TOF mass spectrometry. 
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   Figure 7 Spectrum of G+ bacteria Paenibacillus lautus identified with MALDI TOF mass spectrometry. 
CONCLUSION 
 Microbiological analysis of 13 grape samples revealed 
the three main groups of microorganisms:11 species of G- 
and 22 species of G+ bacteria and 10 species of yeasts. In 
total, 333 isolates were analysed by MALDI-TOF. From 
white grapes 204 microbial species and 129 from blue 
grape varieties were isolates, among which the yeasts, 
representing 47.74% of the all isolates, were the most 
abundant group.  
  
REFERENCES 
Albergaria, H., Arneborg, N. 2016. Dominance of 
Saccharomyces cerevisiae in alcoholic fermentation 
processes; role of physiological fitness and microbial 
interactions. Applied Microbiology and Biotechnology, 
vol. 100, no. 5, p. 2035-2046. 
https://doi.org/10.1007/s00253-015-7255-0 
PMid:26728020 
Barata, A., Malfeito-Ferreira, M., Loureiro, V. 2012. The 
microbial acology of wine grape berries. International 
Journal of Food Microbiology, vol. 153, no. 3, p. 243-259. 
https://doi.org/10.1016/j.ijfoodmicro.2011.11.025      
Bokulich, N. A., Thorngate, J. H., Richardson, P. M., Mills, 
D. A. 2014. Microbial biogeography of wine grapes is 
conditioned by cultivar, vintage, and climate. Proceedings of 
the National Academy of Sciences, vol. 111, no. 1, p. E139-
E148. https://doi.org/10.1073/pnas.1317377110  
Du Toit, M., Engelbrecht, L., Lerm, E., Krieger-Weber, S. 
2010. Lactobacillus: the next generation of malolactic 
fermentation starter cultures – an overview. Food Bioprocess 
Technology, vol. 4, no. 6, p. 976-906. 
https://doi.org/10.1007/s11947-010-0448-8 
Drożdż, I., Makarewicz, M., Sroka, P., Satora, P., 
Jankowski, P. 2015. Comparison of the yeast microbiota of 
different varieties of cool-climate grapes by PCR-RAPD. 
Potravinarstvo, vol. 9, no. 1, p. 293-298. 
https://dx.doi.org/10.5219/484. 
Fleet G. H. 2007. Wine, p. 863-890. In: Doyle M. P. and L. 
R. Beuchat (eds). Food Microbiology Fundamentals and 
Frontiers. 3rd ed. Washington, USA : ASM Press. 
https://doi.org/10.1128/9781555815912.ch41  
Hendrickx, M., Goffinet, J-S., Swinne, D., Detandt, M. 
2011. Screening of strains of the Candida parapsilosis group 
of the BCCM/IHEM collection by MALDI-TOF MS. 
Diagnostic Microbiology and Infectious Disease, vol. 70, no. 
4,  p. 544-548. 
https://doi.org/10.1016/j.diagmicrobio.2011.04.006  
PMid:21767712 
Jolly, N. P., Varela, C., Pretorius, I. S. 2013. Not your 
ordinary yeast: non-Saccharomyces yeasts in wine 
production uncovered. FEMS Yeast Research, vol. 14, no. 
2, p. 215-237. https://doi.org/10.1111/1567-1364.12111  
Kántor, A., Kačániová M. 2015. Diversity of Bacteria and 
Yeasts on the Surface of Table Grapes. Scientific Papers: 
Animal Science and Biotechnologies, vol. 48, p. 149-155 
Kántor A., Petrová J., Hutková J., Kačániová M. 2016. 
Yeast diversity in new, still fermenting wine „federweisser“. 
Potravinarstvo, vol. 10, no. 1, p. 120-125. 
https://doi.org/10.5219/547  
Kántor, A., Mareček, J., Ivanišová, E., Terentjeva, M., 
Kačániová, M. 2017. Microorganisms of grape berries. 
Proceedings of the Latvian Academy of Sciences. Section B. 
Natural, Exact, and Applied Sciences, vol. 71, no. 6, p. 502-
508. https://doi.org/10.1515/prolas-2017-0087 
Nedomová, Š., Kumbár, V., Pavloušek, P., Pytel, R., Začal, 
J., Buchar, J. 2016. Influence of harvest day on changes in 
mechanical prorties of grape of grape. Potravinarstvo, vol. 
10, no. 1, p. 181-187. https://doi.org/10.5219/600 
Padilla, B., García-Fernández, D., González, B., Izidoro, 
I., Esteve-Zarozo, B., Beltran, G., Mas A. 2016. Yeast 
biodiversity from DOQ priorat uninoculated fermentations. 
Frontiers in Microbiology,  vol. 7, p. 930, 
https://doi.org/10.3389/fmicb.2016.00930  
Pozo-Bayon, M. A., Alegria, E. G., Polo, M. C., Tenori, C., 
Martin-Alvarez P.J ., Calvo de la Banda, M. T., Ruiz-Larrea, 
F., Moreno-Arribas, M. V. 2005. Wine volatile and amino 
acid composition after malolactic fermentation: effect of 
Oenococcus oeni and Lactobacillus plantarum starter 
cultures. Journal of Agricultural and Food Chemistry, vol. 
53, no. 22, p. 8729-8735. https://doi.org/10.1021/jf050739y  
Pan, Y. L., Chow, N. H., Chang, T. C., Chang, H. C. 2011. 
Identification of lethal Aspergillus at early growth stages 
based on matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry. Diagnostic Microbiology and 
Infectious Disease, vol. 70, no. 3, p. 344-354. 
https://doi.org/10.1016/j.diagmicrobio.2011.03.007  
Raymond Eder, M. L., Reynoso, C., Lauret, S. C., Rosa, A. 
L. 2017. Isolation and identification of the indigenous yeast 
population during spontaneous fermentation of Isabella (Vitis 
Potravinarstvo Slovak Journal of Food Sciences 
Volume 12 115  No. 1/2018 
labrusca L.) grape must. Frontiers in Microbiology, vol. 8. 
https://doi.org/10.3389/fmicb.2017.00532  
Renouf, V., Strehaiano, P., Lonvaud-Funei, A. 2007.  Yeast 
and bacteria analysis of grape, wine and cellar equipments by 
PCR–DGGE. International Journal of Vine and Wine 
Sciences, vol. 41, no. 1, p. 51-61.
https://doi.org/10.20870/oeno-one.2007.41.1.858 
Varela, C., Borneman, A. R. 2016. Yeast found in 
vineyards and wineries. Yeast, vol. 34, no. 3, p. 111-128. 
https://doi.org/10.1002/yea.3219  
Wieser, A., Schneider, L., Jung, J., Schubert, S. 2012. 
MALDI-TOF MS in microbiological diagnostics 
identification of microorganisms and beyond (mini review). 
Applied Microbiology and Biotechnology, vol. 93, no. 3, p. 
965-974. https://doi.org/10.1007/s00253-011-3783-4  
Wolfe, B. E., Dutton, R. J. 2015. Fermented foods as 
experimentally tractable microbial ecosystems. Cell, vol. 
161, no. 1, p. 49-55. 
https://doi.org/10.1016/j.cell.2015.02.034 
Acknowledgments: 
 This work has been supported by grants of the European 
Community of project no. 26220220180: Building 
Research Centre “AgroBioTech” and of Slovak Research 
and Development Agency No. VEGA 1/0411/17.  
Contact address: 
 Miroslava Kačániová, Slovak University of Agriculture, 
Faculty of Biotechnology and Food Sciences, Department of 
Microbiology, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia, 
University of Rzeszow, Faculty of biology and agriculture, 
Department of Bioenergy Technology and Food Analysis, 
Zelwerowicza St. 4, 35-601 Rzeszow, Poland, E-mail: 
miroslava.kacaniova@uniag.sk 
 Margarita Terentjeva, Latvia University of Agriculture, 
Faculty of Veterinary Medicine Institute of Food and 
Environmental Hygiene, K. Helmaņa iela 8, LV-3004, 
Jelgava, Latvia, E-mail: margarita.terentjeva@llu.lv 
 Soňa Felsöciová, Slovak University of Agriculture, Faculty 
of Biotechnology and Food Sciences, Department of 
Microbiology, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia, E-
mail: sona.felsociova@uniag.sk 
 Eva Ivanišová, Slovak University of Agriculture, Faculty of 
Biotechnology and Food Sciences, Department of Plant 
products storage and processing, Tr. A. Hlinku 2, 949 76 
Nitra, Slovakia, E-mail: eva.ivanisova@uniag.sk 
 Simona Kunová, Slovak University of Agriculture, Faculty 
of Biotechnology and Food Sciences, Department of Food 
Hygiene and Safety, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia, 
E-mail: simona.kunova@uniag.sk 
 Jana Žiarovská, Slovak University of Agriculture, Faculty of 
Agrobiology and Food Resources, Department of Plant 
Genetics and Breeding, Tr. A. Hlinku 2, 949 76 Nitra, 
Slovakia, E-mail: jana.ziarovska@uniag.sk 
 Maciej Kluz, University of Rzeszow, Faculty of biology and 
agriculture, Department of Bioenergy Technology and Food 
Analysis, Zelwerowicza St. 4, 35-601 Rzeszow, Poland, E-
mail:  kluczyk82@op.pl 
 Pawel Hanus, University of Rzeszow, Faculty of biology 
and agriculture, Department of Bioenergy Technology and 
Food Analysis, Zelwerowicza St. 4, 35-601 Rzeszow, Poland, 
E-mail: hanuspawel@gmail.com 
 Czeslaw Puchalski, University of Rzeszow, Faculty of 
biology and agriculture, Department of Bioenergy 
Technology and Food Analysis, Zelwerowicza St. 4, 35-601 
Rzeszow, Poland, E-mail:  cpuchal@univ.rzeszow.pl 
 Attila Kántor, Slovak University of Agriculture, Faculty of 
Biotechnology and Food Sciences, Department of Plant 
products storage and processing, Tr. A. Hlinku 2, 949 76 
Nitra, Slovakia, E-mail: attila.kantor@uniag.sk. 
